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| LSI-1l Audio Cassette Utility 11-398 
| Version: June 1979 


| Author: George Woods 
| Digital Equipment Corporation, Maynard, MA 


Operating System: Stand-alone 
Source Language: MACRO-1ll 
Memory Required: 512 words RAM or ROM 


Special Hardware Required: Any cassette recorder/player (or 
equivalent device) interfaced via a 
bus interface (user-supplied) . 


The Audio Cassette Utility (ACU) program is designed for use on 
LSI-1l systems for loading and saving memory images of programs 

and data on audio cassette tapes. The recorder/player is interfaced 
to the system via a simple interface circuit that connects to a 
DLV11 Serial Line Unit. Other media (e.g. paper tape) and device 
interface hardware can be used with this program as long as device 
registers are compatible with the DLV11l. 


Three ACU commands are provided for reading (loading), writing 
(dumping), and verifying (non-memory modifying read) program tapes 
in absolute loader format. In response to operator commands, ACU 
displays parameters that the user can change or insert before 
actually executing the requested operation. 


One additional command effects a continuous series of alternate 


1 and 0 bits to be output as an aid in tuning or testing audio 
cassette interface hardware. 


All ACU code is PIC allowing the program to be relocated, starting 
On any word address. All ACU code can be loaded in either RaM or 
ROM; only 512 locations are required. acu automatically establishes 
a four-word stack at the top of read-write memory, regardless of 
system size or location of the ACU program. Two start/restart 
addresses are Provided, allowing ACU to be loaded in 512xX4 PROMs 

as used on the MRV1L1-AA PROM module. Detailed loading and operating 
instructions are included in the ACU User's Guide documentation. 


Also being distributed is an LSI-1l Audio Cassette Interface 
(only a write-up (A2) is available). This interface is Gesigned 
to connect the DLV1l 20 ma I/O to the audio cassette recorder ZAR 
and AUX (or MIC) jacks. 


Note: The binary tape supplied contains position-independent code 
and can be loaded at any starting address in RAM or ROM. 
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AUDIO. CASSETTE UTILITY (Al) US2R°S GUIDE 


George woods 
July 2, 1979 


Digital Equipment Corporation 


INTROOUCST ION 


ACU was written to meet the need for an easy-to-use geans for saving 
and cestoring memory images and data in a tose Computer environment 
wnece exvensive peripheral devices ara aot available. fhe actual coma= 
puter hardware currently using this version of ACU is an toitils A 
silaple audio cassatte interface converts DLV1L 20 mA current loop I/92 
Signals, to frequency-modulated audio signals to/from the cassette? re- 
corder/dlayer. The system is capable of Operating at serial transfer 
tates upd to 4800 ops, depending upon recorder and tape quality. Jsing 
nign-quality tapes and typical recorders in tne $20-$30 range, serial 
transf2t tates of 2400 bos should 2asily be attained. Yo mo di fica=- 
tioas to the recorder ace required, altnougn it may be desirabla to 
modify the speaker circuit so that it Temains connected when a cable 
is alugged into the ZAR jack, allowing the operator tc aonitor audio 
tonese 


In ordec to reduce the possibility of Raving sad recordings after the 
actual aemory izage is lost, a verify operation can be perforaed by 
ACU. This is a non memory-mnocifying raad of the tape data in which 
2aca Cecorded byta is compared with the current @aeaory contents. 


All I/O transfers are in Absolute Loader formate Only one (large or 
sMall) data block is output with the usual checgsum byte appended. 
Tae first two bytes on any record following tne leader (null) odytes 
are dSyte values of 1 followed by 0; no otner format is accepted dy 
ACU. 
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LIAITYG AxD STARIING acy 


ACU is dcimarily designed for use in 2R3M. However, ACU can be loaded 
iato RAM using the Absolute Loader (Japer tape) or via the AL or AR 
commands issued to the REV1I1<A or -C System aptions. when loading AcU 
iato RAM, it is recommended that you celocate tne orogram to the upserc 
S12 sords in RAMz Load and start acu at the relocation Dias/starting 
address iadicated: ; 


Yeaory Relocation bias/ 
Size Starting address 
4K 16000 
8K 36000 
12K 56000 
15K 76000 
20K 116000 
24K 136000 
23K 156000 
30K 166000 


¥nen Loaded into 229M, ACU serves as a useful orogram to antar upon 
Syste@ power-up. In order to do this, the first instruction eaxecuted 
must 5e 12 Location 173000 of the 1/0 page (3ank 7). Two entry points 
ace ptovided in ACI: odrogram addresses 0 and 1000. Yorcaally, only 
tne first address is used. However, if the MRY1LI-AA hardware is used, 
tne second address enables. the PROM=-resident ACJ program to be locatad 
on tne 4RVYLL-AA ootion configured for ROM addresses 172000-173775. 
Thus, upon power-ug, the mid address ia the 2?ROM (172000+1000=173000) 
bacomes accessed. This location contaias a JMP instruction that ra- 
turns pcogram control to the noraal pcogram stact/restart address. 


ACU COMMAND SUMMARY 


All ACU Commands are entered following the ACJ sromot (and 3ell code) 
display. for example, the Read coamand (2 k2y followed by the R2TIRN 
k2y) is entered as shown below: 


ACUDR 


ACY will typically display a message Chat prorpts the ooerator to 
@ater specific command parameters into cpg fegisters. Oefault values 
are generally included to reduce Tequirad operator intervention. The 
location of default values within ACU are listed later in this guide 
so taat you May customize ACU for your specific systea configuration; 
if you plan to change default values, De sure to insert the changes 
Deforce loading PROMS. 
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ACU commands are Llistad balowe each coamand is described in detail in 
Paragragns that follows: 


Command Descriation 


2 Read - Read (load) Absolute Loader format 
tapes and relocate (ostional) as indicated 


| Write - drite (dump) Absolute Loader format 
tape of the soecified aemory area and append 
am autostart address (ostional) 


q Verify - Verify a tape just written via a 
non-destructive read operation, comparing 
@ach byte to actual memocy contents 


T Tune - Qutput a continuous stream of alternate 
1 and 0 bits for aaintenanca purposes 


Read Coamand 


ACU tesoonds to the Read command by displaying the folloging message 
and the CPU halts: 


* ENTER LOAD BIAS IN R1 (OFLT=0) 
* S¥T&2 READER CSA IM RS (DFLI=L77560) 
* START. TAPE, PRESS P DURING LEADER 


If ralocated loading is not desired (norzal procedur2), do not enter a 
Value in R21. If the default device ¢S2 is correct for the actual 
reader Jeing used, siaply start the tape and dress the P key to con- 
tinue orogram execution; otherdise, enter tae desired CSR address in 
RS defore continuing. A good load is indicated when the program au- 
tastarts or the ACU proapt is displayed. Checksum errors are reported 
Oy the *=ZRROR* zessage display. [If an error occurs, Teoosition the 
tape to the beginning of the block and gress the 9 Key. 


adcilte Coumand 


aCU tesponds to the writa command by displaying the following message 
and the CPU halts: 


* ENTER VALUES: 
R1=FIRS? ADDR 
R2=LAST ADOR IN OUNP 
RSSAUTCSTART ADDR (OFLT=NO AgTISTART) 
R4=00MP DEVICE CSR (OFLT=2177564) 
RSSLENGTY OF LEADER 

* START TAPE, PRESS 9 


At tnis soint, you must enter values in 81 and 22 to indicate the 
first and last addressas in the aeaory area to be saved. These are 
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required parameters. 


You can specify an autostart address sy entering 2 valid starting ad- 
dress for the osrogram you are saving in R3. Otherwise, the default 
value of 1 will indicate no autostart. 


The dump dewice CSR can be specified dy entering its address in &4. 
The default device is the console tarninal. 


The numOer of blank leader frames desired is indicated by the octal 
nuadec entered in RS. fhe default value is 1700 (960 deciaal) which 
produces two seconds of leader when running tape [/O at 4800 bps. 


Qace the desired parameter values have 3een enterad, start the record-= 
ec and gress the P kay. when the srite operation has been completed, 
tne ACU prompt will be displayed. At this point you should verify the 
tape data before memory contents becone lost or nodified. 


Verify Command 


ACU cespgonds to the Verify command by displaying the following message 
and tne Cc?U halts: 


* sNTER READER CSR IN RS (DFLI=S177560) 
* START TAPE, PRESS P DURING WZADER 


Position the sreviously written tape to the beginning of the tape 
(leader portion). If required, change the cead device CSR parameter 
22 25. Stact the tape and press tha 2 keye ACT checks each data byte 
against the actual memory contents. A good tape is indicated by the 
disolay of the ACU prompt message. An erroe is indicated by the 
*ZRROR* nessage display and the c2U halts. You can analyze the arror, 
if desired, by examining the contents of CPO registers. The address 
of the current meaory byte in error is contained in 203 the goed data 
byta (actual memory data) 1s contained in Rl; the bad byte raad frog 
tape is contained in 22. Return to the acite routine to produce a new 
tape Cy pressing the P xey. 


CaANGING DEFAULT TALUES 


Default values can be changed in the icy prograa in RAM prior to savy- 
ing it on cassette tape or Punching pager tape masters for PROM 
hardwara. Operation on your system can be simplified by Changing the 
default values to neet your specific cequirements. Default values are 
located at the addresses shown which are relative to the start of the 
program: 


| ( 
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sTITLE LSI-{1/AUDIO CASSETTE UTILITY — acu x02 

»SBITL ABSTRACT» ACU COMMAND SUMMARY 
i 
iWRITTEN IN JUNE 1979 BY GEORGE R. WOODS OF DIGITAL EQUIPMENT CORPORATION 
iMAYHARD? MASSACHUSETTS. 


i THIS PROGRAM IS DESIGMED TO 3E PROM OR RAM RESIDENT FOR USE IN LSI-i1 
SYSTEMS WITH SIMPLE CASSETTE INTERFACE HARDWARE, ALL PROGRAK LOAD» 
DUMPy AMD VERIFY OPERATIONS ARE IN ABSOLUTE LOADER FORMAT. ALL 
PROGRAM CONTENT IS POSITION INDEPENDENT. A STACK IS AUTOMATICALLY 
ESTABLISHED AT THE TOP OF READ/WRITE MEMORY. THUS, THE AUDIO CASSETTE 
UTILITY (ACU) PROGRAM CAN RESIDE IM ANY PORTION OF READ/WRITE MEMORY 
OR READ-OMLY MEMORY (INCLUDING READ-ONLY MEMORY RESIDENT IN THE 1/0 
PAGE). 


SRRRSART TTT ss ter eer errresrrrsssrs 


R <CR> READ COMMAND - READ ABSOLUTE 
LOADER FORMAT TAPES FROM USER- 
SPECIFIED OEVICE 


@ <C> WRITE COMMAND - OUTPUT AN ABSOLUTE 
LOADER FORMAT [MAGE OF a HEHORY 
AREA TO A USER-SPECIFIED DEVICE, 
WITH OR WITHOUT AUTOSTART 


V <C> VERIFY COMMAND - NON EMORY HODIFY 
READ FROM USER-SPELIFIED DEVICE TO 
CHECK TAPE DATA CONFORMITY WITH 
MEXORY CONTENTS 


T CR TUNE COMMAND - OUTPUT A SERIES OF 
ALTERNATING | AND 0 BITS TO USER- 
SPECIFIED DEVICE wHEN TUNING AUDIO 
CASSETTE INTERFACE HARDWARE 
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TMITIONS AND LOADING 


oe 
BOON UW & FIN & SO OC ON O&O @& bi fe 


ta 


382 


2 


2 
Cd 


2 


ota 32 


177360 
177342 
177364 
177366 


see ee te ee ee ee wee wee 


wer “er swe me we ee wee “te wee ee wee ee -er ee wee see ee ee wee wee wee wee wee wee 


+SBTTL DEFINITIONS AND LOADING 


z 3. 
g DEFINITIONS? t 
z z 


ood epsssccrenrebssssebsosssssssavessabssssossssebecel 


z z 
z LOADING AND STARTING ACU IN RAM! z 
t % 
8 (LOAD AND START AT ADDRESS SHOWN) t 
z t 
3 MEMORY LOAD/START t 
z AVAILABLE ADDRESS z 
z z 
t 4K 14000 x 
t SK 36000 z 
3 12K 56000 3 
3 14K 76000 t 
z 20K 116000 t 
t 2 134000 t 
z 28K 156000 z 
t 30K 166000 t 
% 4 
SRISAAIAAT IITA assess 


“{1/MUBIO CASSETTE UTILITY = MACRO 03.01 12-.- 


TIALIZE 


Oo ONO OM & 1 PQ 


10 
11 000000 


27 000032 
28 200036 
27 300042 
30 000044 
51 000046 
52 900052 


000005 


012705 
915799 
023701 
012737 
010706 
062706 
010637 
012794 
005045 
910506 
010037 
010137 


170000 
000004 
000006 
000340 


900010 
000004 
000014 


900004 
000006 


000006 


“we bot | “ee “Oe “ee “er ee Oe ee Nee wee 


108; 


~we 


= 


- 
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*SBTTL INITIALIZE 


z 
x 


+INITIALIZE BUS 


iREGISTERS USED/MODIF IED: 


mee ee ee wee ee 


seelheageeaea 


RO = TEMP SAVED LOCATION 4 CONTENTS 
Ri = TEAP SAVED LOCATION 4 CONTENTS 
R4 = TEMP POINTER TO TIMEDUT VECTOR 
RS = TRIAL ADDRESS POINTER 

R& = DUMMY DESTINATION/FINAL SP 


$1700009RS 
244 9RO 
9469R1 
$340 7885 
PC»SP 
#10$-, SP 
SP 1884 
#149SP 
-(R5) 

RS SP 
R098$4 
R184 


iMAXIMUM LSI-11 (MSV11-9/E) READ/WRITE ADDRESS+2 
SAVE CONTENTS OF LOCATION 4 

#SAVE CONTENTS OF LOCATION 4 

VECTOR PEW TO DISABLE INTERRUPTS 

TEMP STORAGE FOR PC 

MAKE RELATIVE ADDR ABSOLUTE 

*SET VECTOR PC FOR TIMEDUT TRAP 

RESTORE STACK POINTER 

TIMEOUT OR OA DUMMY WRITE 

iPALL THRU MEANS GOOD ADDR. PUT IT IN SP 
PRESTORE CONTENTS OF LOCATION 4 

jRESTORE CONTENTS OF LOCATION 4 


o ’ 
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MPT —-— 
1 +SBTTL PROMPT 
2 i 
3 ; 
4 ? eacererarasrrsssstatrrrrirrsrrrrerrrrrsy 
S ; x t 
r) i % PROMPT ROUTINE? z 
7 ; t t 
8 i Bees esoaseere rer toSsesereresesseneneessssssssonnoones 
9 ; 
10 000056 000005 PROMPT: RESET iCLEAR DEVICE REGISTERS OF JUNK CHARS 
11 000060 012703 00010 40 #PRSIZRI HO OF CHARS TO PRINT 
12 400064 010702 ; MOV PC+R2 iGET RELATIVE OFFSET 
13 000066 062702 001142 ADD $PRASE-. 1R2 *PRINT BUFFER REL ADDR 
14 000072 904767 000372 JSR PC»PRINT iPRINT ASG, 


i 
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1 /SBTTL COMMAND MONITOR ROUTINE 
2 ; 
Ri ; bo Sabo ob oboe ved deoreresosrssrossonssreseehereoresosess 
4 ’ t z 
5 ; t COMMAND MONITOR! t 
5 ; t t 
7 ; oF eP PER b Ob OPPO Dba Dor Eroronnenrorseronoebossenooeoes 
3 ; 

9 ; 

10 ; CONSOLE TRANSMIT AND RECEIVE BAUD RATES MUST 3E EQUAL!!! 
Bs ; 

12 ; GET COMMAND AND ECHO, LOW BYTE OF R3 SILL 
ae ; CONTAIN THE COMMAND, 

14 ’ 

iS ; 

its ; 

17 900075 «105737 177860 GETCMDS TSTB  94RCSR SXEYBOARD READY? 

-13°300102 100775 3PL Ss GETCD iNO 

19°-)00104 113703 177862 MOVB = @$RBUF 123 iYESy PUT CHAR IN R3 

20 -900110 042703 177800 BIC —-#177500eR3 iKEEP ONLY 7 BITS <630> 

21000114 110337 177546 40VB «RI, @4XBUF jECHO CHARACTER 

-22-300120 922703 000013 cx $15/R3 iCHEEK FOR <CR> (COMMAND TERMINATOR) 

23 yeo1z4 601402 362 ~—s TEST iYES 

24 606125 010704 HOY RBA iNG, SAVE POSSI3LE COMMAND IN 24 

25 200120 900762 BR GETCMD iGET NEXT CHARACTER 
25 100152 112737 000012 177866 TEST: ¥#OVB  #12,@4XBUF jQUTPUT 4 <LE> CHARACTER 
ee ! 

23 ; 

2 ; FIND COMMAND FUNCTION. IF VALID» SRANCH TO ROUTINE, 
30 ; IF NOT VALID» BRANCH TD PROMPT ROUTINE, 

31 ; 

32 606140 022703 900122 CMP 120 R4 iREAD COMMAND? 

‘35 300144 001430 260 = LOAB iYES . 

34 900146 922704 000127 CMP #12774 iNQ. WRITE COMMAND? 
‘35 200152 61886 360 = UKP iYES 

35 300154 022794 900125 CMP $124 9R4 iW0. VERIFY COMMAND? 
37 900180 001304 362 «108 iYES 

18 000152 022734 900124 CMP $1.249R4 iNO. TUNE COMMAND? 
FP ot0té6 dut403 362 «= TUNE iYES 

40000170 990772 3R PROMPT i400. PROKPT 


+L 200172 900167 000702 1083 JP VERIFY #(700 FAR TO 3RANCH) 


* 


oA 
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E xQUTINE mae 
a. »SBTTL TUNE ROUTINE 
2 ; 
3 i 
4 ; 
5 ; 
§ ; 
zi i 
3 ; 
9 i THE TUNE ROUTINE ALLCWS A CONVENIENT WAY TO CUTPUT a CONTINUOUS 
10 i STREAM OF ALTERNATE 1 AND 0 BITS FOR TUNING AUDIO CASSETTE HARDWARE, 
12 i ONCE THE ROUTINE HAS 3EEN ENTERED, THE BINARY STREAM STARTS TO THE 
12 } QUTPUT DEVICE (DEFAULT=THE CONSOLE DISPLAY). TO CHANGE THE OUTPUT 
{3 i DEVICE, HALT THE PROCESSOR AND PUT THE DESIRED DEVICE CSR IN RI, 
14 + PRESS P TO CONTINUE. WHEN DONE, EXIT THE ROUTINE BY PRESSING ANY 
s + CONSOLE KEY, 
if) ’ 
7 900175 (012701 177844 TUNES = OV #1773449R1 ;DEFAULT OUTPUT DEVICE CSR 
13 200282 105711 1083 TSTB. (RY) READY FOR CHARACTER? 
£9 060224 100376 BPL 10$ NOs WAIT 
2) 300205 112751 00125 000002 4OVB 0 #12572(R1) ifES» OUTPUT ALTERNATE 1S AND 0S 
2: 200214 165737 177840 TSTB = @#RCSR HOPERATOR WANT SOMETHING? 
2 960229 100716 MT PROMPT WYES» EXIT TUNE ROUTINE 
25 200222 00767 BR 10$ iNO» OUTPUT ANOTHER BYTE 
a3 ; 
25 600224 000714 BR PROMPT jRESTART 
26 ; 


ned 
LI/AUDIO CASSETTE UTILITY - MACRO 03.01 12-JUL-79 00325320 PAGE 12 ~ 
1D (LOADER) ROUTINE 


l 

2 ; 

zy i 

3 ; ° 

| , z READ ROUTINE? z 
4 ; 3 t 
7 ; x THIS [$ AN ABSOLUTE/RELOCATABLE LOADER, z 
3 j z REGISTER FUNCTIONS ARE AS FOLLOWS: z 
9 ; z x 
19 i z RO=CHECXSUM R4=80RD REGISTER z 
lL ; z RI=L0AD ADDRESS RS={NPUT DEVICE CSR 
12 ; » 4 R2=BYTE COUNT RS=STACK POINTER z 
13 j 3 R3=8YTE REGISTER z 
{4 ; z 3 
15 ; z A GOOD LOAD RESULTS IN AUTOSTART OR PROMPT, 2 
16 ; t AN ERROR RESULTS IN A MESSAGE» HALT» AND bg 
7 ; t JUMP FOR SELCAD. z 
i i t $ 
1? ; z z 
29 } eo bod eseeboreborarsressocssnsonsssonovsssroodoosocses ed 
- ’ 

ag i 

23 900225 012793 400145 LOAD:  40V #LDSIZ2RS *LCAD ASG SIZE 
24 200222 910702 May PE R2 iGET BASE ADDRESS 

25 900274 362702 «001346 ADD #LOMSE-. 1R2 iADD OFFSET TO MESSAGE TABLE 

25 300240 004757 900224 JSR PCsPRINT +60 PRINT THE MESSAGE 

27 000244 012705 177560 MOV FRCSRIRS iDEFAULT READ DEVICE 

29 900250 005001 CLR RL CLEAR THE LOAD ADDRESS 

: iDEFAULT = 0 (NO RELOCATION) 

30 300252 900000 HALT ALLOW OPERATOR TO SPECIFY LOAD 
si *RELOCATION BIAS AND READER DEVICE 
52 ; 

33 300254 042701 000001 BIC FilyRd FORCE START CN ORD Z0UNDARY 
34 200250 910146 AoV R1y-(SP) iSAVE RELOCATION VALUE CN STACK 
35 300252 005000 CLR RQ +IMITIALIZE CHECKSUM 

“38 , 

3 * LOOK FOR THE BEGINNING OF A BLOCK ('1" FOLLOWED BY ‘0° 3YTES) 
33 ’ 
39 900254 011601 LORLUP? ¥OV (SP) RL PRESTORE RELOCATION 31AS 

40 900256 004747 000062 vSR PC READIN jREAD A BYTE 

41 000272 105503 DELS R3 iCHECX FOR ‘1° BYTE 

42 900274 001373 3 LORLUP jLOQP UNTIL BYTE IS FOUND 
43200276 004757 900052 J&R PC» READIN #READ ANOTHER BYTE 

44900202 105703 TSTB RS iCHECX IF '9* SYTE 

45 100304 001257 3NE LORLLP jCONTINUE IF 0% OTHERWISE RESTART 
46 j 

+7 i INPUT AND SAVE BYTE COUNT. IF 3YTE COUNT=4» IT IS AN END 2LOCx 
4g ; 

49 300306 004767 300066 JSR PC sGETWRD GET FULL 3YTE COUNT FOR THIS SLOCKX 
33 200312 910402 40V R49R2 

Sl 300314 942702 17777 ADD $-45R2 iSUBTRACT 4 TD MAKE BYTE COUNT CORRECT 
32 900320 422782 ee CHP $22R2 iWAS 3YTE COUNT=4? 

SS 900324 601435 3£2 LENDS ifESy IT IS AN EXD 2LOCKX 
54 20032a 304767 900046 JSR PC, GETWRD iNQy GET LOAD ADDRESS 


SS 990332 960401 ADD R4oRL SAVE IT IN RL AS LOADER POINTER 


T-LI/AUBIO CASSETTE UTILITY - 4ACRO VO3.0L 12-JUL-79 0082532 


’ 


aD (LOADER) ROUTINE 


900340 
000342 
000344 
900346 
10 000350 
11 900352 


L 
fi 
3 
4 
5 000334 
§ 
7 
9 
7 


{5 000354 
14 900356 
17 900360 
18 000362 
17 000346 
29 400372 
21 000374 
22 900376 


26 100400 
27 000404 
23 000406 
2? 000412 
30 000414 
31 900416 


34 

35 000420 
36 200424 
37 900430 
33 000432 
3? 900434 
40 004% 
41 900440 
42 000442 
43 000444 


004767 
002003 
105700 
001747 
000437 
110321 
000770 


105215 
105715 
100376 
114503 
042703 
060700 
005302 
000207 


004767 
010504 
004767 
900303 
050204 
000207 


004767 
004767 
105700 
001005 
906294 
103001 
000606 
906504 
000114 


000014 


900002 


177400 


177730 


177742 


177734 
177724 


a 
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+ READ IN REMAINDER OF DATA. IF THE LOADER HALTS, A CHECXSUM ERROR HAS 
) OCCUREDS RISEXPELTED CHECKSUM’ ROSCHECKSUM DIFFERENCE ERROR VALUE, 


; 

308; JSR 
36E 
TSTB 


4533 MOUB 


see 


i INPUT A BYTE, 
; 


READIN: INC3 
$0$} = TSTB 


PC READIN 
4S 

RO 

LORLUP 
CXSUM 

R39 (R1)+ 
30$ 


READ A BYTE 

*BRANCH IF MORE DATA REMAINS 

iIF CHECKSUM IS? 

i0K - CONTINUE 

BAD CHECKSUM - INFORM OPERATOR AND HALT 
STORE THE BYTE 

iLOOP FOR NEXT 3YTE 


DECREMENT BYTE COUNT» AND ACCUMULATE CHECKSUM 


(RS) 

(RS) 

40$ 

2(RS) 2RT 
#177400 9R3 
RI2RO 

R2 

PC 


iSTART READER 

jREADY? 

iNO 

GET CHARACTER 

iMASK OFF HIGH BYTE 
ADD TO CHECKSUM 
#DECREMENT BYTE COUNT 


+ INPUT AND ASSEMBLE ONE FULL WORD OF DATA 


s 


GETWRDS JSR 


. 
? 


i CHECX FOR VALID JUMP ADDRESS FOR AUTOSTART 


! 

LENDBL: JSR 
J&R 
TSTB 
BNE 
ASR 
3CC 
BR 

AUTOST? ASL 
JMP 


iGET ONE CHARACTER 

iSAVE IN 84 AS LOW BYTE 

GET HIGH BYTE 

PLACE IH HIGH BYTE 

jASSEMBLE 30TH BYTES INTO ONE ¥ORD 
*RETURN 


GET TRANSFER ADDRESS 

GT CHEEXSUM 

HIF INCORRECT, HALT TO 

i INFORM OPERATOR 

iGET LOW ORDER BIT 

iAUTOSTART IF ADDRESS [S SVEN 

INFORM OPERATOR OF GOOD LOAD YIA PROMPT 
WRESTORE REGISTER TO ABSOLUTE ADDRESS 
G0 TO AUTOSTART ADDRESS 


Lk 
~LL/AUDIO CASSETTE UTILITY - MACRO YO3.01 12-JUL-79 00:25:20 PAGE 14 
NT SUBROUTINE = 


L »SBITL PRINT SUBROUTINE 

2 ; 

3 ; 

4 ; 

S i 

5 ; 

7 ’ 

3 } 

3 ’ 

10 ; 

{1 900444 912703 000010 CXSUM = 40V FBADSZs RI 

{2 900452 010702 MOV PCR 

17 000454 062702 000604 ADD #BADMS-, »R2 

£4.200460 004767 000004 JSR PC PRINT 

15 000464 00000 HALT CONTINUE? 

13 600468 000674 BR LDRLUP *YES: TRY AGAIN 

17 ; 

13 i 

19 ; 

29 ’ LoDo ee oereresoenorerrrooeroerorneroorerprooerrosernoes 

21 j t z 

bel ; z PRINT SUBROUTINE FOR ALL OPERATOR MESSAGES: £ 

28 ; z z 

a4 } poser ereebrorer rae ease rors renborrsrenoerereporororoes 

2s ; 

2 : RI=CALLER’S RETURN ADDRESS 

27 ; R2=CURRENT PRINT BUFFER ADDRESS 

2 j RI=CURRENT NUMBER OF CHARACTERS IN BUFFER 

pS i XCSR=177544 

70 ; XBUF=177586 

31 j 

32 900470 105737 177864 PRINT: TSTB  § 8#XCSR ;OUTPUT DEVICE READY? 

33 000474 = 160375 BPL PRINT iO» GAIT UNTIL READY 
—-14°900476 «112237 177846 4OVB (R2)+1@4XBUF iYES» PRINT CHARACTER 

33 00502 005303 bec RS iRI=NO. CHARS REMAINING 

56 900594 901371 BNE PRINT tIF ME» CHARS REMAIN 

37 00506 900297 RTS PC iNONE REMAIN» RETURN 

oF #70 CALLER 


37 ; 


a 


wA 
[{2/AUDIO CASSETTE UTILITY - MACRO 03.01 12-JUL-79 00325320 PAGE 15 Es | 


Te ROUTINE 


- Oo OO ODO NI O ON &® GI PQ 


+ e 


. 


12 500510 
13 c00514 
14 000516 
13 000522 


<0 000525 
a1 900530 
<2 300532 
23 000534 
24 960540 
25 900544 


27 900550 
28 200552 
29 


32 D00SS. 
33 000550 
34 900562 
33 200546 
33 000570 


012703 
010702 
082702 
004757 


905000 
5001 
005002 
912703 
012704 
912705 


900000 
105727 


105714 
100376 
005064 
05795 
301372 


000312 


000532 
177742 


000001 
177364 
901700 


177362 


000002 


SBITL WRITE ROUTINE 


; 

; 

j 

; z 

; z WRITE ROUTINE? 

j z 

’ 

j 

; WRITE MESSAGE} 

’ 

DUMPS = HOY #DMPSIZ)R3 
40y PCsR2 
ADD $DMPHSG-, »R2 
JSR PC» PRINT 


? 
i GET READY FOR OPERATOR INPUTS 


s 


; 


$XCSR1R4 
$960, RS 


#RBUF 


SEDSSSSSLAASSASASALSALALAL LALIT eee PoPoore 


z 
3 
z 


POPES O HEH SOO OS SHSHPSSSOS OOOH HS SPOSSSH POH OSOSE OOO OSOOS 


iPASS NUMBER OF CHARS VIA 83 


*PASS BUFFER ADDRESS VIA R2 
G0 PRINT HSE. 


+CLEAN CHECXSUM 

*DEFAULT LOW ADDRESS = 0 

jHIGH ADDRESS 

#AUTOSTART ADDRESS (DEFAULT=1 HALTS AFTER LOAD) 
iDFAULT CSR = CONSOLE XCSR 

DEFAULT NUMBER OF LEADER FRAMES = 2 SECONDS 
jAT 4800 BPI, CHANGE FOR SLOWER BAUD RATES 
jGET OPERATOR [HPUTS 

HPURGE ‘P* SO IT wON’T CORRUPT PROMPT 


+ LEADER SUBROUTINE. RS CONTAINS NUMBER OF NULL 3YTES, 


’ 


18} TSTB 


(R4) 
t$ 
2(R4) 
RS 
1$ 


DEVICE READY? 


iNOe WAIT 

*YESs OUTPUT A 9° 

PUPDATE NULL FRAME COUNT 

#CONTINUE UNTIL MULL FRAME COUNT=90 


Vu 
T-{1/AUDIO CASSETTE UTILITY - MACRO Y03.01 12-JUL-79 90325320 PAGE 16 
ITE ROUTINE 


t i OUTPUT MAIN BODY CF DUMP 

2 i 

3 000572 910205 40 RQ9RS #RS NOW BECOMES BYTE COUNTER 

4 000574 140105 SUB RL RS NUMBER OF DATA SYTES TD 3€ QUTPYT 
3 900578 905205 INC RS #ADD 1 TO ACCOUNT FOR HIGH 3YTE IN LAST SORD 
$ 900600 910514 “OV RS9 (SP) *STACKX WILL CONTAIN 3YTE VALUE 
7 00602 962715 000007 ADD $7(SP) iDATA BYTES PLUS FRONT BYTES 

8 ; 

9 900606 105714 10$3 ss TSTB. (4) iDEVICE READY? 

10 000610 100374 3PL 10$ NOs WAIT 

1 200612 905264 000002 INC 2(R4) YES» QUTPUT A ‘1’ 

12 900614 905200 INC RO jADD TO CHECKSUM 

13 000620 105714 2083 = TSTB. (RA) 

14 000622 100374 SPL 20% 

15 000624 005064 900002 CLR 2(R4) OUTPUT A ‘0’ 

13 000630 04767 900206 J PC CUTWRD OUTPUT BYTE COUNT 

17 300634 010116 MOV Ris (SP) #PUT ADDRESS IN BYTE BUFFER 

13 200636 904747 100200 JSR PC, QUTWRD /OUTPUT STARTING ADDRESS 

19 00642 000257 cct CLEAR CONDITION CODE 3ITS 

=9 000644 0046005 ROR RS MAKE RS THE WORD COUNTER 
21900646 «(012115 308; AV (RL) +9 (SP) jPUT DATA WORD IN BYTE BUFFER 
22 200559 104747 900166 JSR PC, QUTWROD OUTPUT DATA WORD 

23 600654 = G05505 dec RS /UPDATE WORD COUNTER 

24 300658 902373 3GE J0$ iIF NOT MEG» GET NEXT ¥ORD 

ae , 

=5 200660 005400 NES RO 42°S COMPLEMENT OF CHECXSUM 

27 900662 105714 45$$ ss TSTB. (4) 

23 200604 100375 BPL 633 si 


7 990466 110064 900002 MOVB = ROr2(R4) *OUTPUT CHECXSUM FRAME 


‘ ia 


\ 
*LI/AUDIO CASSETTE UTILITY - MACRO VO3.01 12-JUL-79 00325320 PAGE 1? 
TE ROUTINE 


“AO CA ee GA PD ee 


3 

9 
10 
tl 
{2 
13 
i4 
iS 
if) 


<3 


34 
35 
36 


79 


42 
43 
44 
$5 
46 
47 
33 
49 


39 


900672 
000674 
000676 
400702 
000704 
900706 
900712 
000714 
000716 


? 900722 


00724 
900726 
090734 
900736 
340740 
99744 
200746 
900730 
000754 
900756 
000759 
900752 
900744 
900766 
900772 
960775 
901000 
901904 
101006 
C0110 
291012 


001016 
901022 
201024 
001025 
201032 
201034 
901036 


901042 
201046 
901052 
901056 


105714 
100376 
005064 
105714 
100374 
005264 
105714 
100376 
005064 
105714 
100378 
112754 
105714 
100376 
905064 
105714 
100374 
119344 
910300 
105714 
100376 
900303 
060300 
110364 
962790 
000402 
000157 
005400 
105714 
100374 
110044 


012705 
105714 
100576 
905964 
905305 
001372 
900167 


904757 
000246 
904767 
00207 


000002 


000002 


000002 


000004 


000002 


000002 


000002 
900007 


176774 


900002 


000144 


900002 


177014 


900012 
000002 
900002 


000002 


j READY FOR END BLOCK 


b 
; END BLOCK IS SIX BYTES WITH REAL ADDRESS QUTPUT FROM 82) 
i GR SIMPLY A VALUE OF ‘1’ TO FORCE ODD ADDRESS; LOADER 
; WILL EXIT ON COMPLETION [F ADDRESS IS ODD» OR AUTOSTART 
i AT THE USER-SPECIFIED ADDRESS IF THE ADDRESS [S$ EVEN, 
LU ~ 
EMDBLK TSTB = (R4) 
BPL EXDBLX 
CLR 2(R4) OUTPUT ‘0° FRAME 
10$3 ss TSTB. (RA) 
BPL 10$ 
INC 2(R4) *QUTPUT ’1° FRAME 
2083 = TSTB. (RA) 
BPL 208 
CLR 2(R4) OUTPUT ‘0’ FRAME 
303 TSTB.) (4) 
SPL 308 
MOVB =. #4 2(R4) OUTPUT LOW BYTE OF BYTE COUNT 
418; TSTB.) Ss (R4) 
BPL 413 
CLR 2(R4) OUTPUT SIGH SYTE OF 3YTE COUNT 
308; TSTB. Ss (R4) 
BPL 30s 
MOVB =——-R392(R4) OUTPUT LOW BYTE OF START ADDRESS 
OY R31RO jPUT ADDRESS IN CXSUM (L3 GMLY IS VALID) 
60$3 STB. (RA) 
BPL 60% 
SWAB eR 
ADD R32RO COMPUTE CHECKSUM 
MOVB =——-R3¥2(R4) OUTPUT HIGH SYTE OF START ADDRESS 
AbD #79RO ADD ‘1’ FRAME AND BYTE COUNT VALLE 
BR 59% *G€T CUT OF WAY OF MRVL1-4Aa ENTRY POINT 
JP START i+=173000 FOR USE IN POWER-UP START 


GET TWO’S COMPLEMENT 


MOVB R02 2(R4) /QUTPUT CHEDXSUM 


i QUTPUT 100, BLANK FRAMES 


’ 


40Y #100. 9RS 
80$$ = TSTB) (RA) iDEVICE READY? 
BPL 308 NO» WAIT 
CLR 2(R4) #YES» OUTPUT A '9’ 
bec RS UPDATE NULL FRAME COUNT 
BNE 80$ iCONTINUE UNTIL NULL FRAME COUNT=0 
JAP PROMPT *DONE, RETURN TO OPERATOR 
’ 
j SUBROUTINE TO GUTPUT A dORD FROM THE STACK 
s 
OUTWRD? JSR PC PUTBYT OUTPUT LOW BYTE 
SWAB 2(SP) jPUT HIGH BYTE IN LOW BYTE POSITION 
J&R PC, PUTBYT CUTPUT HIGH 3YTE 
RTS PC PRETURN TO CALLER 


. 
} 


i SUBROUTINE TO CUTPUT A BYTE AND ADD TD CHECKSUM 


OOOO Eee EE 


\ ‘ 6 
\ A if 
TUVAUBIO CASSETTE UTILITY - HACRO YO3.01 12-UL-79 00325320 PAGE 17-1 
TE ROUTINE 
58 j oe 
59 901060 066600 00004 PUTBYT; ADD =—--4(SP) 280 COMPUTE CHECKSUM 
90 001064 «105714 10$$ [STB (RA) 
41 001066 100376 L108 
| $2 001079 016464 000004 000002 #0V 4(SP)2(R4) ;QUTPUT THE BYTE 
63 001075 000207 RTS PC RETURN TO CALLER 


34 ; 


“{1/AUBIO CASSETTE UTILITY - MACRO Y03.01 12-JUL-79 00:25:20 PRET S — 


[FY 20UTINE 


O@W IO OA & G1 


10 001100 
Lt 901102 
12 001106 
13 001112 
14 901116 
15 901122 


19 901124 
20 001130 
21 401132 
22 101154 
23 201140 
24 901142 


23 901144 
27 901150 
20 901152 
31 00125 

2 501162 


36 901164 
37 001170 


41 201172 
42 001176 
43 001200 
44 901202 
43. 901204 
44 001206 


we 


010702 
062702 
012703 
004767 
012705 
000000 


004767 
005303 
001374 
004767 
105703 
901379 


004757 
010402 
162702 
922702 
001412 


004757 
010401 


004767 
120321 
001005 
905702 
1272 
000746 


000544 
000121 
177332 
177360 


177224 


177214 


177230 


900004 
000002 


177210 


177156 


~ 


»SBTTL VERIFY ROUTINE 


SLALSSADSAASSSSASSSSAALLS SADE Ts 


2 
z VERIFY ROUTINE? t 
x z 


mee ee ee ee ee wwe wee we 


o SESSOHO SOSH SOO SESOO SEE OOD SHOPS SSSSSESO HSE OE SOOO OS 


VERIFY? HOV. PCyR2 
ADD WFYESE=, 12 


OV $VFYSTZ,R3 

JSR PCy PRINT | 
OV $RCSRIRS iDEFAULT CSR | 
HALT jWAIT FOR OPERATOR INPUTS 


i READ A VALID START OF BLOCK '1,0° SEQUENCE 


, 


10$3 J&R PC» READIN jREAD A BYTE INTO R3 
dec RI VIF A 1", MAKE IT A '0# 
BNE 10$ +WAIT FOR A VALID "1° 
JSR PC READIN iGOT A ‘1%, GET NEXT 8YTE 
TSTB RB yIS IT A ‘08? 
BNE 10$ iSTART OVER IF HOT ’9/ 
; 
> GET BYTE COUNT. PUT [T IN 22, : 
; 
JSR PC, GETWRD 
4OV R49R2 
SUB $49R2 
CMP $21R2 iSEE IF THIS [S$ AN EXD BLOCK 
3€Q YFYGUD sBRANCH IF IT IS 


i 
i GET ADDRESS AND PUT IT IN Rt 


; 


JSR PCs GETWRD 
AO R4oR1 

; 

+ CHECX ALL DATA BYTES IN BLOCK 

, 

70$3 SSR PC READIN PREAD BYTE INTO 23 
CHPB RB y (RL) + iCOMPARE WITH MEMORY 3YTE 
BNE VBMSE iBAD BYTE IF HE 
TST R2 wANY BYTES LEFT? 
BNE 70$ iBRANCH IF 3C HOT 9 
8R 10 iGET NEXT (END) 2LOCK 


| 


{1/MUDIO CASSETTE UTILITY = MACRO YO3.01 12-JUL-79 00828? 


IFY ROUTINE 


3 
7 901214 
9 001216 
9 901222 
10 01225 
11 201232 
12 001234 
13 901226 
14 901240 
48 001242 
tS 001244 


000167 174642 


010702 
062702 900042 
012703 900010 
004767 177234 
005002 
114102 
010100 
Q10301 
000000 
000137 177240 


i PREPARE FOR THE SOOD HEYS 


’ 
VFYGUD? IMP PROMPT 


’ 


i PREPARE FOR THE BAD NEWS 
; 


20 Page 19 


a 


iPROMPT MEANS GOOD TAPE READ 


#PUT GOOD BYTE IN 2 


- #SAVE GOOD BYTE ADDRESS IN RO 


iPUT BAD BYTE IN RL 


jTHE LOGICAL PLACE TO Sd 70 


a 


T-L1/AUDIO CASSETTE UTILITY - MACRO YO3.01 12-JUL-79 00325320 PAGE 2 
SSAGE BUFFERS 


ra 
2S OO @ ~~) OO & GID 


11 90125 
901253 
12 001254 
001257 
13 
14 
{3 001260 
16 001251 
001284 
901257 
17 
13 901270 
001273 
19 001274 
001277 
601302 
)01565 
001310 
20 901313 
QOLT16 
21 901317 
901322 
90132 
901330 
01333 
22 001335 
901340 
23 001341 
001344 
901247 
1352 
001355 
001760 
0013463 
24 001346 
001371 
25 901372 
001375 
001400 
001403 
001406 
201411 
Q01414 
01417 
901422 
01425 
001420 


01S 


103 


O15 


125 


2 a i 
ee 


BADMS: 


DPMS: 


SBTTL MESSAGE BUFFERS 


LSSSSSASSSSSSSSSESS LEST Te Iy) SPPTOESCSSEO SOE OSD 


t z 
t MESSAGE BUFFERS: z 
z x 


PoH>SOS ESSE SE OHO OHS OSES OOO OOOOSO 7 SSHTOSHOSHOOEOOSOES 


BYTE = 123159 1597 

sASCIT = /ACUD/ 

PRSIZ=, -PRHSE 

sBYTE 7 

ASCII «= /2ERRORZ/ 

BADSZ=, -3ADMS 

BYTE =: 12715715915 
ASCII «=/% EXTER VALUES!/ 


BYTE =: 127 15915915 


ASCII / R1=FTRST ADDR/ 


BYTE §=- 12 1S 15915 


ASTII / R2=LAST ADDR IN DUMP/ 


BYTE = 129 157 15e15 


ASCII / RS=AUTOSTART ADDR (DFLT=4Q AUTOSTART) / 


o_O e 


~LL/AUDIO CASSETTE UTILITY - MACRO YO3.01 12-JUL-79 00!25320 PAGE 20-1 
SAGE. BUFFERS ; 


25 


27 


<3 


27 


001433 
001436 
001440 
001443 
001444 
01447 
001452 
001455 
001460 
001463 
001466 
001471 
001474 
901477 
001502 
001505 
001510 
201511 
001514 
001517 
201522 
Q01S2 

OCLS3 

901533 
301576 
001541 
O01l 44 
901547 
GO1551 
01534 
001555 
901530 
001563 
091566 
901571 
901574 
001577 


901602 
9014605 
901406 
Q01611 
001614 
901617 
001422 
901425 
001030 
001433 
901636 
001641 
501644 
001646 
601653 
QO01S52 
301455 
001460 
0014663 


124 
124 


101 
051 
015 


122 
104 
120 
105 
103 
103 
40 
106 
075 
67 
064 
O15 


122 
114 
107 
040 
040 
101 
122 


104 


122 


105 
105 
122 


i04 


\ . _ 
erg 
Yi Late 


sBYTE =: 127 159 15915 


ASTIT / R4sDUMP DEVICE CSR (DFLT=177S44)/ 


sBYTE §=—: 12 1S 18715 


ASCII / RS=LENGTH OF LEADER (DFLT=960.)/ 


BYTE «=: 12715915915 


ASCII /% START TAPE, PRESS P/ 


DMPSIZ=, -34PMSE 
LOMS6: ,8YTE 12715915215 


\ASCII /% ENTER LOAD BIAS IN RL (DFLT=0)/ 


VFYMSG: .3YTE 12715915915 


ASCII /% ENTER READER CER IN RS (DFLT=177540)/ 


I={1/AUDIO CASSETTE UTILITY - 
SSAGE BUFFERS 


3? 
40 
44 
42 


43 


601666 
901671 
001674 
901677 
901702 
001705 
901710 
901713 
901716 
0172 

201723 
001724 
901727 
901732 
01735 
01740 
901743 
01746 
QOL7S1L 
901734 
001757 
901762 
04745 


105 
103 
040 
949 
040 
106 
075 
067 
060 
012 
O15 


a 


Piel Cae od 


HACRO YO3.01 12-JUL-79 00:25:20 PASE 20-2" ~ 


BYTE =: 129 15 15915 


ASCII /3 START TAPE) PRESS P DURING LEADER/ 


YPYSIZ=, VF YMSE 
LOSIZ=,.-LDMSG# 


“END START 


SL 


~ i LS, 
{1/AUDIO CASSETTE UTILITY - MACRO 03.01 12-HUL-79 00328220 PASEZO-3—7~ 
BOL TABLE 
OST 000442R EXDBLK 000672R LOAB © 0002246R ~RBUF = 177562 VERIFY 001100R 
HS 001240R GETCMD 000074R OUTWRD 001042R RCSR = 177340. VFYSUD 001210R 
SZ = 000010 GETWRD 000400R PRINT  000470R READIN 000354R UFYMSS 9014446R 
UM 0004442 LOMSG 001402 PRMSG ~0012S0R START  000000R VFYSIZ= 000121 
MSG 001270R LORLUP 000254R PROMPT 000054R TEST  000132R XBUF = 177586 
SIZ= 000312 LOSIZ = 000145 PRSIZ = 000010 TUNE  000174R XCSR = 177844 
Pp 000S10R LEXDBL 000420R PUTBYT 001060R YBMSG 001214R 
aS. 000000 000 
001767001 
IRS DETECTED: 9 


TUAL MEMORY USED! 458 WORDS ( 2 PAGES) 
SAIC MEMORY AVAILABLE FOR 43 PAGES 


XR3 DETECTED: 9 


